An expression was obtained earlier by the authors, on the basis of Vineyard's rate theory, for the sharing of the kinetic energy of a diffusing isotope at the saddlepoint with other host atoms. The theory is expressed in terms of the (imaginary) frequency of the localised vibration in which the diffusing atom at the saddlepoint is coupled to its neighbours.
Introduction
In previous w ork, the present au th o rs (Brown et a l . lj 2) have show n how the ra te theory of Vine yard 3 can be used to discuss the sh arin g of kinetic energy which occurs between the diffusing atom at its saddlepoint and its near-neighbours. E ssentially, this sh a rin g of kinetic energy is given by the diffusion coefficients and D2 fo r isotopes of m ass and M2 diffusing in the crystal, acco rd ing to
[D2/D1-l ] l [ V M M -l ] = f g
(1.1) w here / is the u sual correlation fac to r and g re p re sents the sharing of kinetic energy referre d to above.
In the present p ap er, we shall b riefly re p o rt the results of calculations we have c a rrie d out on (i) Cu metal, (ii) A lkali halides w ith the CsCl stru ctu re. 
Localised Vibration in Cu w ith Diffusing Atom at its Saddlepoint
It is universally accepted th at in Cu self-diffusion occurs via vacancies. The problem then is to evalu ate the theory we gave earlier, which expresses g in term s of the frequency v of the n o rm al m ode in which the diffusing atom at its sad d lep o in t is cou pled to su rro u n d in g atom s. The resu lt fo r g is w here the difference dM in the m asses of the isotopes is assum ed sm all. H ence we m ust d eterm ine Sv2fdM, fro m a dynam ical treatm en t of the localised mode.
Two problem s im m ediately arise. It is first ne- cessary to choose a potential, from which the force constants req u ired to calculate the norm al m ode can be determ ined, and it is then necessary to decide, w ith this form of potential, which atom s to regard as involved in the n orm al m ode. C learly it is im p ractical to include m ore th a n a very lim ited num b er of atom s.
The potential we shall use is that of E n g le r t, Tompe and BULLOUGH4 which has been construct ed so that (i) It fits the phonon spectrum .
(ii) T he stacking fau lt energy is correctly given.
(iii) T he vacancy form atio n energy is in agree m ent w ith experim ent.
W e shall say a little m ore about this potential which is show n in F ig. 1 below. W e m ade prelim i n a ry calculations w ith this potential, and concluded th at the im m ediate n eighbours to the diffusing atom at its saddlepoint, because of the n ature of the p air potential, are only coupled ra th e r w eakly to it. Because it is n ot p racticab le, as y et, to include coupling sim ultaneously to the first 3 sets of n eigh bours, the results we p resen t are o b tain ed from a m odel in which we assum e, follow ing the above p re lim in ary calculations, th a t the diffusing atom is coupled only to its eight, th ird n earest neighbours. These eight atom s lie on the vertices of a rect an g u lar block. T he sy m m etry is sufficiently low for three independent displacem ents y, z an d w, of the eight atom s, to be re q u ire d in the an aly sis of the norm al m ode, as show n in F ig u re 2. 
8 Mo w = e x + g y + k z -pw w here is th e m ass of th e isotope at the saddle point, and M2 the m ass of the lattice atom s. The force constants a, c, d, etc. will eventually be cal culated fro m th e p a ir p o ten tial of F ig u re 1.
The d eterm in an t from which the freq u en cy of the localised n o rm al m ode is to be found is given by
T his yields a q u artic in v2, which is explicitly T his eq u atio n can now be solved fo r v2 using N ew ton's m ethod. The eq u atio n is differentiated w ith Mt as an im plicit function of v2 and the resul tan t value of g is given b y
In ( 2 .5 ), v2 is now to be inserted fo r Mt = M2, in view of Eq. (2.1) .
The rest of the calculation is now sta n d ard and we need only rep o rt the results. C alculating the force constants a, c, etc. fro m the p a ir p otential of F ig. 1, the constants A, B, etc. in (2.4) w ere evaluated num erically. The value found fo r g w as 0 .9 2 , to be com pared w ith the resu lt 0 .8 9 found experim entally b y Rothman and Peterson (see this C onference).
W e conclude then th a t there is sem i-quantitative agreem ent between th e o ry an d experim ent, and, p rovided we accept th a t refinem ents of the p a ir po tential used here, and the inclusion of m ore atom s in the norm al m ode (which w ill low er the calculated value of g) will eventually be necessary, there is no basic difficulty in reconciling the m easured isotope effect w ith the rate th e o ry based on a vacancy m echanism.
T his is quite different from the situ atio n we found earlier fo r N a, w here it was im possible to understan d the m easured isotope effect from the rate theory w ith a vacancy m echanism .
Isotope Effect in A lkali H alides
F o r the case of N a isotopes diffusing in the Na sublattice of NaCl, the localised v ib ratio n can be represented by a much sim pler m odel th a n th a t de scribed above for Cu. T he N a ion is, in the sim plest m odel, coupled to its two n ear n eig h b o u r Cl ions, and we have a problem analogous to the v ibrations of a lin e ar triatom ic m olecule (see, fo r exam ple, w here m and M are the m asses of the positive and negative ions respectively, a and b are the " restoring fo rce" constants and c represents the coupling b e tween N a and Cl ions. Since this has been discussed in some detail elsewhere, we shall describe a calcu lation fo r CsCl, w here we ob tain a resu lt analogous to (3 .1 ). W e (B r o w n et a l . 2) have calculated the force constants a, b and c in (3 .1 ) b y m eans of the clas sical approach of M o t t and L i t t l e t o n 6. The re sults show th at the fo rce constant c is v ery sm all due to a strik in g cancellation between B om -M ayer repulsive term s and electrostatic term s. T he Born-M ayer con trib u tio n to the force constant is in fact m ore th an ten tim es as larg e as the resu ltan t value of c.
Herzberg 5) .
It is the force constant c which describes the coupling between the N a and Cl ions, an d w ith c = 0 in (3.1) we see th a t the E in stein result # = 1 is regained. W ith the results found fro m the Mott-L ittleton approach, we obtain c/a = 0 .2 3 , c/6 = 0 .031 (3.2) and hence from (3 .1 ), g = 0 .9 9 8 . T hus we find a v ery sm all isotope effect, which seems in general accord w ith experim ent. In p rin cip le, fro m (3 .1 ) , we could have 1 ^ g ^ i .
F o r the case of CsCl, the localised n o rm al m ode, in its sim plest form , is one in which the Cs isotope at its saddlepoint is a t the centre of a sq u are, fo u r Cl near-neighbour ions being at the vertices. T here are ag ain two independent displacem ents, x fo r Cs and y fo r the Cl ions. T he equations of m otion are then sim ply W hen experim ents becom e available on alkali halides, it will be a straig h tfo rw ard m atter to apply the m ethod we used fo r calculating the force con stants fo r NaCl, based on the approach of M ott and L ittleton, to the CsCl stru ctu re. In the absence of experim ental data, we have not, at this stage, p ro ceeded to num erical evaluation of the force con stants in this case. T here is th erefo re no basic difficulty in reconcil ing the m easured isotope effect in Cu w ith the rate th eo ry based on a vacancy m echanism . T his is in m arked co n trast w ith N a, w here th e m easured iso tope effect cannot be in terp reted in term s of diffu sion via vacant sites.
F inally, an expression is o b tain ed fo r g for the CsCl stru ctu re, fo r Cs ions diffusing b y a vacancy m echanism in the Cs sub-lattice. N um erical evalua tion of g is now a ro u tin e m atter, once m easure m ents begin to ap p e ar on alkali h alides w ith this structure.
